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BACKGROUND  
7HDPEDVHGOHDUQLQJLVDQLQWHJUDOSDUWRIHQJLQHHULQJHGXFDWLRQWRGD\'HYHORSPHQWRIWHDPVNLOOVLV
QRZDSDUWRIWKHFXUULFXOXPDWXQLYHUVLWLHVDVHPSOR\HUVGHPDQGWKHVHVNLOOVRQJUDGXDWHV+LJKHU
HGXFDWLRQLQVWLWXWLRQVHQIRUFHDFDGHPLFVWDIIWRWHDFKSUDFWLVHDQGDVVHVVWHDPVNLOOVDQGDWWKH
VDPHWLPHWKH\DVNDFDGHPLFVWDIIWRVXSSO\LQGLYLGXDOPDUNVDQGRUJUDGHV$OORFDWLQJLQGLYLGXDO
PDUNVIURPDWHDPPDUNLVDYHU\FRPSOH[DQGVHQVLWLYHWDVNWKDWPD\DGYHUVHO\DIIHFWERWKLQGLYLGXDO
DQGWHDPSHUIRUPDQFH$QXPEHURIERWKTXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGVDUHDYDLODEOHWR
DGGUHVVWKLVLVVXH4XDQWLWDWLYHPDWKHPDWLFDOPHWKRGVDUHIDYRXUHGRYHUTXDOLWDWLYHVXEMHFWLYH
PHWKRGVDVWKH\DUHPRUHVWUDLJKWIRUZDUGWRH[SODLQWRWKHVWXGHQWVDQGWKH\PD\KHOSPLQLPLVH
FRQIOLFWVEHWZHHQDVVHVVRUVDQGVWXGHQWV
PURPOSE 
7KLVVWXG\SUHVHQWVDUHYLHZRIFRPPRQO\XVHGPDWKHPDWLFDOHTXDWLRQVWRDOORFDWHLQGLYLGXDOPDUNV
IURPDWHDPPDUN4XDQWLWDWLYHDQDO\WLFDOHTXDWLRQVDUHIDYRXUHGRYHUTXDOLWDWLYHVXEMHFWLYHPHWKRGV
EHFDXVHWKH\DUHPRUHVWUDLJKWIRUZDUGWRH[SODLQWRWKHVWXGHQWVDQGLIH[SODLQHGWRWKHVWXGHQWVLQ
DGYDQFHWKH\PD\KHOSPLQLPLVHFRQIOLFWVEHWZHHQDVVHVVRUVDQGVWXGHQWV6RPHRIWKHVHDQDO\WLFDO
HTXDWLRQVIRFXVSULPDULO\RQWKHDVVHVVPHQWRIWKHTXDOLW\RIWHDPZRUNSURGXFWSURGXFWDVVHVVPHQW
ZKLOHWKHRWKHUVSXWJUHDWHUHPSKDVLVRQWKHDVVHVVPHQWRIWHDPZRUNSHUIRUPDQFHSURFHVV
DVVHVVPHQW7KHUHPDLQLQJHTXDWLRQVWU\WRVWULNHDEDODQFHEHWZHHQSURGXFWDVVHVVPHQWDQG
SURFHVVDVVHVVPHQW7KHSULPDU\SXUSRVHRIWKLVVWXG\LVWRGLVFXVVWKHTXDOLWDWLYHDVSHFWVRI
TXDQWLWDWLYHHTXDWLRQV
DESIGN/METHOD  
7KLVVWXG\VLPXODWHVDVHWRIVFHQDULRVRIWHDPPDUNVDQGLQGLYLGXDOFRQWULEXWLRQVWKDWFROOHFWLYHO\
FRYHUDOOSRVVLEOHWHDPZRUNDVVHVVPHQWHQYLURQPHQWV7KHDYDLODEOHDQDO\WLFDOHTXDWLRQVDUHWKHQ
DSSOLHGWRHDFKFDVHWRH[DPLQHWKHLUUHODWLYHPHULWVZLWKUHVSHFWWRDVHWRIHYDOXDWLRQFULWHULDZLWK
H[KDXVWLYHJUDSKLFDOSORWV
RESULTS  
$OWKRXJKHDFKDQDO\WLFDOHTXDWLRQVGLVFXVVHGDQGDQDO\VHGLQWKLVVWXG\KDVLWVRZQPHULWVIRUD
SDUWLFXODUDSSOLFDWLRQVFHQDULRWKHUHFHQWPHWKRGVVXFKDV knee formulaLQ63$5.3/86DQGcap 
formulaDUHUHODWLYHO\EHWWHULQWHUPVRIDQXPEHURIHYDOXDWLRQFULWHULDVXFKDVIDLUQHVVWHDPZRUN
DWWLWXGHEDODQFHEHWZHHQSURFHVVDQGSURGXFWDVVHVVPHQWVHWF,QDGGLWLRQWRKDYLQJDOOIDYRXUDEOH
SURSHUWLHVRIknee formulacap formulaH[SOLFLWO\FRQVLGHUVWKHTXDOLW\RIWHDPZRUNLHWHDPPDUN
ZKLOHDOORFDWLQJLQGLYLGXDOPDUNVCap formulaPD\KRZHYHUEHGLIILFXOWWRH[SODLQWRWKHVWXGHQWVGXH
WRUHODWLYHO\FRPSOH[PDWKHPDWLFDOHTXDWLRQVLQYROYHG
CONCLUSIONS  
1RWDOOH[LVWLQJDQDO\WLFDOHTXDWLRQVWKDWDOORFDWHLQGLYLGXDOPDUNVIURPDWHDPPDUNKDYHVLPLODU
FKDUDFWHULVWLFV5HFHQWPHWKRGVknee formulaDQGcap formulaDUHDGYDQWDJHRXVLQWHUPVRID
QXPEHURIHYDOXDWLRQFULWHULDDQGDUHUHFRPPHQGHGWRDSSO\LQSUDFWLFH+RZHYHULWLVLPSRUWDQWWR
H[DPLQHWKHVHHTXDWLRQVZLWKUHVSHFWWRHQKDQFLQJVWXGHQWV¶OHDUQLQJDFKLHYHPHQWVUDWKHU
WKDQWKHVWXGHQWVDQGDFDGHPLFVWDII¶VSUHIHUHQFHV
KEYWORDS  
7HDPZRUNDVVHVVPHQWWHDPPDUNLQGLYLGXDOPDUNDQDO\WLFDOHTXDWLRQV

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Introduction 
7HDPEDVHGOHDUQLQJLVDQLQWHJUDOSDUWRIHQJLQHHULQJHGXFDWLRQWRGD\'HYHORSPHQWRI
WHDPVNLOOVLVQRZDSDUWRIWKHFXUULFXOXPDWXQLYHUVLWLHVDVHPSOR\HUVGHPDQGWKHVHVNLOOV
RQJUDGXDWHV+LJKHUHGXFDWLRQLQVWLWXWLRQVHQIRUFHDFDGHPLFVWDIIWRWHDFKSUDFWLVHDQG
DVVHVVWHDPVNLOOVDQGDWWKHVDPHWLPHWKH\DVNDFDGHPLFVWDIIWRVXSSO\LQGLYLGXDOPDUNV
DQGRUJUDGHV3RWHQWLDOEHQHILWVIURPDQGSUREOHPVRIOHDUQLQJLQWHDPVDUHGLVFXVVHGLQD
QXPEHURIH[LVWLQJOLWHUDWXUHHJ+DQVHQ/L/HMNHWDOHWF7KHPRVW
FLWHGSUREOHPRIDOORFDWLQJDWHDPPDUNWRDOOLQGLYLGXDOVLVWKDWLWLVRIWHQQRWDIDLUUHIOHFWLRQ
RIDQLQGLYLGXDO¶VHIIRUW&RQZD\HWDO7RHQFRXUDJHWHDPZRUNLWLVHVVHQWLDOWKDW
VWXGHQWVIHHOFRQILGHQWWKDWWKH\ZLOOEHUHZDUGHGIDLUO\IRUWKHLUFRQWULEXWLRQVDQGWKDWDQ\
µIUHHULGHUV¶RU³VRFLDOORDIHUV´RUµSDVVHQJHUV´ZLOOQRWEHQHILWXQGXO\IURPWKHHIIRUWVRI
RWKHUV+HQFHWRGHYHORSDSURSHUIXQFWLRQLQJOHDUQLQJWHDPWKDWSURGXFHVTXDOLW\
RXWFRPHVHDFKPHPEHUVRIWKHWHDPLVUHTXLUHGWREHDFFRXQWDEOHIRUWKHLULQGLYLGXDOHIIRUWV
DVZHOODVWHDPHIIRUWV$JRRGGLVWULEXWLRQRIPDUNVLQDXQLWRUFRXUVHLVDOVRVRPHWLPHV
UHTXLUHGE\XQLYHUVLW\DGPLQLVWUDWLRQIRUEHQFKPDUNLQJDQGFRPSDULVRQSXUSRVHV3RZHOO
H[DPLQHVWKDWWHDPSURMHFWDVVHVVRUVWHQGWRPDUNDOLWWOHRQDORZVLGHFRPSDUHG
ZLWKWKHUHVXOWVIURPFODVVLFDOLQGLYLGXDOH[DPLQDWLRQVDQGWKHUHVXOWVDUHPRUHQDUURZO\
VSUHDG+HQFHWKHUHLVDQHHGIRUDEDODQFHEHWZHHQDµJRRG¶DQGDµIDLU¶GLVWULEXWLRQRI
LQGLYLGXDOPDUNVDQGDWHDPZRUNH[HUFLVH
+RZHYHUDOORFDWLQJGLIIHUHQWLQGLYLGXDOPDUNVIURPDWHDPPDUNLVDYHU\FRPSOH[-RKQVWRQ
DQG0LOHVDQGVHQVLWLYHWDVNWKDWPD\DGYHUVHO\DIIHFWERWKLQGLYLGXDODQGWHDP
SHUIRUPDQFHV$QXPEHURIERWKTXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGVDUHDYDLODEOHWR
DGGUHVVWKLVLVVXH4XDQWLWDWLYHDQDO\WLFDOPHWKRGVDUHIDYRXUHGRYHUTXDOLWDWLYHVXEMHFWLYH
PHWKRGVEHFDXVHWKH\DUHPRUHVWUDLJKWIRUZDUGWRH[SODLQWRWKHVWXGHQWVDQGLIH[SODLQHGWR
WKHVWXGHQWVLQDGYDQFHWKH\PD\KHOSPLQLPLVHFRQIOLFWVEHWZHHQDVVHVVRUVDQGVWXGHQWV
7KLVVWXG\FRPSDUHVH[LVWLQJDQDO\WLFDOPHWKRGVZKLFKDUHXVHGWRDOORFDWHLQGLYLGXDOPDUNV
IURPDWHDPPDUN7KHUHDGHUVRIWKLVDUWLFOHDUHUHTXHVWHGWRQRWHWKDWWKLVVWXG\GRHVQRW
FRYHURWKHULPSRUWDQWDVSHFWVRIWHDPOHDUQLQJVXFKDVWHDPIRUPDWLRQVHOHFWLRQRIOHDUQLQJ
HQYLURQPHQWDVVHVVPHQWGHVLJQDQGIHHGEDFNV\VWHP7KLVVWXG\H[DPLQHVWKHLVVXHRI
DOORFDWLQJLQGLYLGXDOPDUNVIURPDWHDPPDUNZKHQERWKWKHWHDPPDUNREWDLQHGIURP
DVVHVVLQJWKHWHDPZRUNSURGXFWDQGLQGLYLGXDOFRQWULEXWLRQVGHULYHGIURPFRDVVHVVPHQW
RUVHOIDVVHVVPHQWRUSHHUDVVHVVPHQWRUFRPELQDWLRQRIWKHVHDVVHVVPHQWWHFKQLTXHVIRU
SURFHVVDVVHVVPHQWDUHNQRZQ
Existing Methods 
([LVWLQJPHWKRGVWRDOORFDWHLQGLYLGXDOPDUNVE\DGMXVWLQJDWHDPPDUNXVLQJDQLQGLYLGXDO
WHDPPHPEHU¶VFRQWULEXWLRQWRDWHDPZRUNLQFOXGHLGLVWULEXWLQJWKHSRRORIPDUNVE\DGGLQJ
GLIIHUHQWLDOV5DFHLLDGGLQJDPDUNWRRUVXEWUDFWLQJDPDUNIURPWHDPPDUNEDVHG
RQDQLQGLYLGXDOFRQWULEXWLRQZKLFKLVGHWHUPLQHGXVLQJWKHSURFHVVDVVHVVPHQW/HMNHWDO
DQG&RQZD\HWDODQGLLLPXOWLSO\LQJWHDPPDUNE\DIDFWRUGHULYHGIURPDQ
LQGLYLGXDO¶VFRQWULEXWLRQWRWKHWHDPZRUN*ROGILQFK&RQZD\HWDO-RKQVWRQ
DQG0LOHV:LOOH\DQG*DUGQHU1HSDO7KHODVWPHWKRGLVWKHPRVWZLGHO\
XVHGLQSUDFWLFHDVLWLVVWUDLJKWIRUZDUGWRFDOFXODWHLQGLYLGXDOFRQWULEXWLRQIDFWRUICFXVLQJ
FRDVVHVVPHQWSHHUDVVHVVPHQWVHOIDVVHVVPHQWRUDFRPELQDWLRQRIWZRRUPRUHRIWKHVH
DVVHVVPHQWPHWKRGV(TXDWLRQLVDPDWKHPDWLFDOH[SUHVVLRQRIWKLVPHWKRG
)(ICFfTMIM u           
ZKHUHIMLVWKHPDUNDZDUGHGWRDQLQGLYLGXDOWHDPPHPEHUTMLVWKHWHDPPDUNDQG
f(ICF)LVDPXOWLSO\LQJIDFWRUDVDIXQFWLRQRIICF$JHQHUDOLVHGHTXDWLRQIRUFDOFXODWLQJICF
LVJLYHQLQHTXDWLRQ
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ܫܥܨ ൌ ூ௡ௗ௜௩௜ௗ௨௔௟௖௢௡௧௥௜௕௨௧௜௢௡ሺΨሻ஺௩௘௥௔௚௘௖௢௡௧௥௜௕௨௧௜௢௡ሺΨሻ ൌ
ூ௡ௗ௜௩௜ௗ௨௔௟௖௢௡௧௥௜௕௨௧௜௢௡ሺΨሻ
ቀభబబ೙ ቁ
   
ZKHUHnLVWKHQXPEHURIPHPEHUVLQDWHDP)RUH[DPSOHLIDQLQGLYLGXDOWHDPPHPEHU¶V
FRQWULEXWLRQLVLQDWHDPRIILYHPHPEHUVKLVRUKHUICF   &R
DVVHVVPHQWSHHUDVVHVVPHQWVHOIDVVHVVPHQWRUDFRPELQDWLRQRIWZRRUPRUHRIWKHVH
WHDPZRUNHYDOXDWLRQVXUYH\VFDQEHXVHGWRGHULYHLQGLYLGXDOFRQWULEXWLRQV*ROGILQFKDQG
5DHVLGHXVHGWZRSDUWSHHUDVVHVVPHQWVFRUHVDQGFRPELQHGWKHPXVLQJZHLJKWVWR
FDOFXODWHDVLQJOHVFRUHLHICF*ROGILQFKUHYLVHGWKLVDSSURDFKDQGVXJJHVWHG
VRPHPRGLILFDWLRQVZKLFKLVVLPLODUWR&RQZD\HWDO:LOOH\DQG*DUGQHU
GLVFXVVHG63$IDFWRUGHULYHGIURPVHOIDQGSHHUDVVHVVPHQWUDWLQJV.LOLFDQG&DNDQ
=KDQJHWDODQG/HZHWDOHYDOXDWHGWKHUHOLDELOLW\DQGH[DPLQHGWKH
YDULDWLRQVRIICF7KLVVWXG\QHLWKHUDWWHPSWVWRDGGUHVVWKHLVVXHRIWKHUHOLDELOLW\DQGWKH
YDULDELOLW\RIICFQRUGRHVLWLQWHQGWRGHYLVHDPHWKRGWRLPSURYHLW,QVWHDGLWDLPVWR
HYDOXDWHH[LVWLQJDQDO\WLFDOPHWKRGVWKDWXVHDPXOWLSO\LQJIDFWRUDVDIXQFWLRQRIICFWR
DOORFDWHLQGLYLGXDOPDUNVIURPDWHDPPDUN,QWKLVVWXG\ZHIRUPXODWHWKHH[LVWLQJPHWKRGV
XVLQJFRQVLVWHQWPDWKHPDWLFDOHTXDWLRQVDQGHYDOXDWHWKHVHPHWKRGVXVLQJH[KDXVWLYH
JUDSKLFDOSORWVEDVHGRQDVHWRIHYDOXDWLRQFULWHULD
7KHH[LVWLQJDQDO\WLFDOPHWKRGVGLIIHURQVSHFLI\LQJWKHIXQFWLRQDOIRUPRIf(ICF)DV
VXPPDULVHGLQWKHIROORZLQJHTXDWLRQV

0HWKRG ݂ሺܫܥܨሻ ൌ ͳ         
0HWKRG ݂ሺܫܥܨሻ ൌ ܫܥܨ         
0HWKRG ݂ሺܫܥܨሻ ൌ ൜ܫܥܨ݂݋ݎܫܥܨ ൑ ͳͳ݂݋ݎܫܥܨ ൐ ͳ      
0HWKRG ݂ሺܫܥܨሻ ൌ ξܫܥܨ        
0HWKRG ݂ሺܫܥܨሻ ൌ ൜ܫܥܨ݂݋ݎܫܥܨ ൑ ͳξܫܥܨ݂݋ݎܫܥܨ ൐ ͳ      
0HWKRG ݂ሺܫܥܨሻ ൌ ூ஼ிூ஼ி೘ೌೣ        
0HWKRG݂ሺܫܥܨሻ ൌ
ۖە
۔
ۖۓ ܫܥܨ݂݋ݎሾܫܥܨ ൑ ͳሿሺܽሻ
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
ZKHUH
ICF =LQGLYLGXDOFRQWULEXWLRQIDFWRU
ICFmax PD[LPXPLQGLYLGXDOFRQWULEXWLRQIDFWRUZLWKLQDWHDP
TM WHDPPDUNDQG
α FDSIDFWRUͲ ൑ ߙ ൑ λሻ

0HWKRGLQHTXDWLRQDOORFDWHVLQGLYLGXDOPDUNVHTXDOWRWKHWHDPPDUN7KLVLVWKH
VLPSOHVWSDWKHDV\WRPDQDJHDQGLVZRUWKFRQVLGHULQJLILWLVSULPDULO\WKHSURGXFWRIWKH
WHDPOHDUQLQJZKLFKLVWREHDVVHVVHGDQGQRWWKHSURFHVVHVOHDGLQJXSWRWKLVWHDP
SURGXFW$OWKRXJKWKLVPHWKRGLVVLPSOHDQGLVZLGHO\XVHGDWDFDGHPLFLQVWLWXWLRQVLWLVQRW
FRQVLGHUHGWREHµIDLU¶DVLWQHLWKHUSHQDOLVHVIUHHULGHUVQRUUHZDUGVDGGLWLRQDOFRQWULEXWLRQV
819
3URFHHGLQJVRIWKH$$((&RQIHUHQFH0HOERXUQH9LFWRULD&RS\ULJKW.DOL3UDVDG1HSDO

0HWKRGLQHTXDWLRQDOORFDWHVLQGLYLGXDOPDUNVSURSRUWLRQDOWRWKHLQGLYLGXDO
FRQWULEXWLRQV$OWKRXJKWKLVPHWKRGLVFRQVLGHUHGµIDLU¶DQGZLGHO\VXJJHVWHGLQH[LVWLQJ
OLWHUDWXUHLWKDVDWOHDVWWKUHHLVVXHV)LUVWWKHLQGLYLGXDOPDUNVDOORFDWHGDUHQRWDOZD\V
FRQWDLQHGZLWKLQDJHQHUDOO\DFFHSWHGXSSHUOLPLWLH6HFRQGWKHWHDPPDUNLVQRW
DOZD\VUHIOHFWHGLQWKHPDUNDZDUGHGWRDQLQGLYLGXDOWHDPPHPEHU)RUH[DPSOHDWHDP
PHPEHUZKRFRQWULEXWHVVLJQLILFDQWO\KLJKHUWKDQWKHDYHUDJHFRQWULEXWLRQPD\UHFHLYH
VXEVWDQWLDOO\KLJKLQGLYLGXDOPDUNHYHQIRUDYHU\ORZWHDPPDUN+HQFHWKLVPHWKRGLV
ELDVHGWRZDUGVWKHSURFHVVDVVHVVPHQWLHLQGLYLGXDOFRQWULEXWLRQDQGGRHVQRWDOLJQZLWK
WKHSULQFLSOHRIFULWHULRQUHIHUHQFHGDVVHVVPHQWV\VWHP%LJJVDQG7DQJ7KLUGWKH
PHWKRGGRHVQRWSURYLGHFKHFNDQGEDODQFHIRUDQLQGLYLGXDOLVWLFEHKDYLRXULQWHDPOHDUQLQJ
HQYLURQPHQW$WHDPPHPEHUPD\DJJUHVVLYHO\WDNHRYHUDOOWHDPZRUNDFWLYLWLHVWREHQHILW
KLPVHOIRUKHUVHOI$YDULDQWRIWKLVPHWKRG0HWKRGWKDWDOORFDWHVLQGLYLGXDOPDUNVHTXDO
WRWKHWHDPPDUNIRUDQDYHUDJHDQGDERYHDYHUDJHFRQWULEXWLRQVDQGSURSRUWLRQDOO\ORZHU
LQGLYLGXDOPDUNVIRUEHORZDYHUDJHFRQWULEXWLRQVDGGUHVVHVWKHILUVWDQGWKHWKLUGLVVXHVEXW
LQWURGXFHVDQHZLVVXHQRUHZDUGIRUDGGLWLRQDOFRQWULEXWLRQV
0HWKRGLQHTXDWLRQRULJLQDOIRUPXODXVHGLQ63$5.V\VWHP:LOOH\DQG*DUGQHU
DOORFDWHVDQLQGLYLGXDOPDUNHTXDOWRWKHWHDPPDUNIRUDQDYHUDJHFRQWULEXWLRQORZHUEXW
PRUHWKDQSURSRUWLRQDOLQGLYLGXDOPDUNVIRUEHORZDYHUDJHFRQWULEXWLRQVDQGKLJKHUEXW
GLPLQLVKLQJLQGLYLGXDOPDUNVIRUDERYHDYHUDJHFRQWULEXWLRQV$OWKRXJKWKLVPHWKRG
GLVFRXUDJHVLQGLYLGXDOLVWLFEHKDYLRXUWRVRPHH[WHQWLWGRHVQRWIXOO\FRQWUROLWDVDWHDP
PHPEHUFRQWLQXHVWRUHFHLYHDGGLWLRQDOUHZDUGVHYHQPRUHWKDQLQVRPHFDVHV
DOEHLWDWDGLPLQLVKLQJUDWH,QDGGLWLRQWKHPHWKRGDOORFDWHVKLJKHUWKDQWKHµIDLUVKDUH¶IRU
EHORZDYHUDJHFRQWULEXWLRQV$YDULDQWRIWKLVPHWKRG0HWKRGLQHTXDWLRQSRSXODUO\
NQRZQDVknee formulaLQ63$5.3/86DVGLVFXVVHGLQ:LOOH\DQG*DUGQHUDOORFDWHV
DQLQGLYLGXDOPDUNHTXDOWRWKHWHDPPDUNIRUDQDYHUDJHFRQWULEXWLRQSURSRUWLRQDOO\ORZHU
LQGLYLGXDOPDUNVIRUEHORZDYHUDJHFRQWULEXWLRQVDQGKLJKHUEXWDWDGLPLQLVKLQJLQGLYLGXDO
PDUNVIRUDERYHDYHUDJHFRQWULEXWLRQV7KLVPHWKRGDGGUHVVHVRQO\WKHODVWLVVXHGLVFXVVHG
IRU0HWKRG
0HWKRGLQHTXDWLRQDOORFDWHVDQLQGLYLGXDOPDUNHTXDOWRWHDPPDUNIRUWKHKLJKHVW
FRQWULEXWLRQDQGSURSRUWLRQDOO\ORZHULQGLYLGXDOPDUNVIRURWKHUFRQWULEXWLRQV$OWKRXJK1HSDO
UHSRUWHGWKDWDVLJQLILFDQWSURSRUWLRQRIVWXGHQWVSUHIHUUHGWKLVPHWKRGLWDVVLJQV
LQGLYLGXDOPDUNVRQDORZVLGHFRPSDUHGZLWKRWKHUPHWKRGV,WGHSHQGVKHDYLO\RQWKH
KLJKHVWFRQWULEXWLRQDQGDQLQGLYLGXDOLVWLFWHDPPHPEHUPD\EHFRPHDJJUHVVLYHWRSHQDOLVH
WHDPPDWHV
0HWKRGLQHTXDWLRQLVDcap formula1HSDOWKDWDOORFDWHVDQLQGLYLGXDOPDUN
HTXDOWRWKHWHDPPDUNIRUDQDYHUDJHFRQWULEXWLRQSURSRUWLRQDOO\ORZHULQGLYLGXDOPDUNVIRU
EHORZDYHUDJHFRQWULEXWLRQVKLJKHUEXWGLPLQLVKLQJDQGVXEVHTXHQWO\FDSSHGLQGLYLGXDO
PDUNVIRUDERYHDYHUDJHFRQWULEXWLRQV7KLVLVWKHRQO\PHWKRGWKDWV\VWHPDWLFDOO\
LQFRUSRUDWHVSURGXFWDVVHVVPHQWLHWHDPPDUNWRGHYHORSLQGLYLGXDOFRQWULEXWLRQIDFWRU
LHICFXVLQJDFDSIDFWRUͲ ൑ ߙ ൑ λሻ7KHFDSIDFWRUαHTXDOWRLQILQLW\λPHDQVWKDW
WKHLQGLYLGXDOPDUNVDUHSURSRUWLRQDOWRWKHLQGLYLGXDOFRQWULEXWLRQVZKLFKLVH[DFWO\VDPHDV
0HWKRG7KHFDSIDFWRUߙHTXDOWR]HURPHDQVWKDWLQGLYLGXDOPDUNVDUHHTXDOWRWKH
WHDPPDUNIRUDQDYHUDJHDQGDERYHDYHUDJHFRQWULEXWLRQVZKLFKLVH[DFWO\VDPHDV0HWKRG
1HSDOVXJJHVWHGWKHFDSIDFWRUߙWREHOHVVRUHTXDOWRWRGLVFRXUDJH
LQGLYLGXDOLVPLQDWHDPOHDUQLQJHQYLURQPHQWDQGWRFRQWDLQDOOLQGLYLGXDOPDUNVZLWKLQ
JHQHUDOO\DFFHSWDEOHXSSHUOLPLWLH)RUSUDFWLFDOSXUSRVHVWKHFDSIDFWRUߙFDQ
EHFKRVHQLQVXFKDZD\WKDWDWHDPPHPEHUZKRFRQWULEXWHVPRUHWKDQDQDYHUDJH
UHFHLYHVVRPHDGGLWLRQDOUHZDUGVHJKLJKHUJUDGHKLJKHU*3$HWF$OWKRXJKWKLVPHWKRG
E\IDULVWKHEHVWDQGGRHVQRWUHTXLUHDGGLWLRQDOGDWDWREHFROOHFWHGWKHPDWKHPDWLFDO
HTXDWLRQVXVHGDUHVRPHZKDWFRPSOH[DQGLWPD\EHGLIILFXOWWRVHOOWKHLGHDWRVWXGHQWV
+RZHYHUJUDSKLFDOSORWVDQGVSUHDGVKHHWFDQHDVLO\EHGHYHORSHGWRDSSO\LQSUDFWLFH

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Graphical Plots
)RUWKHSXUSRVHRIFRPSDUDWLYHUHYLHZWKHH[LVWLQJHTXDWLRQVGLVFXVVHGLQSUHYLRXVVHFWLRQ
DUHSORWWHGJUDSKLFDOO\WKDWFROOHFWLYHO\FRYHUDOOSRVVLEOHFRPELQDWLRQVRIWHDPPDUNVDQG
LQGLYLGXDOFRQWULEXWLRQV,IDOOWHDPPHPEHUVFRQWULEXWHHTXDOO\DSHUIHFWH[DPSOHRI
WHDPZRUNLWLVWKHWHDPPDUNHDFKPHPEHUUHFHLYH9DULDWLRQVIURPWKLVLGHDOFDVH
KRZHYHUGRH[LVWLQDFWXDOWHDPOHDUQLQJHQYLURQPHQWV7KHWHDPPDUNPD\YDU\IURPD
WHDPRIVWXGHQWSURGXFHGDQRXWFRPHRIWKHORZHVWSRVVLEOHVWDQGDUGWRDWHDPRI
VWXGHQWVSURGXFHGDSHUIHFWSURGXFW6LPLODUO\LQGLYLGXDOFRQWULEXWLRQVPD\YDU\IURPDVORZ
DVDQLQGLYLGXDOGLGQRWFRQWULEXWHWRDWHDPZRUNSURGXFWDWDOODIUHHULGHUWRDVKLJKDV
DWHDPPHPEHUFRPSOHWHGDOOWHDPDFWLYLWLHVE\KLPVHOIRUKHUVHOIDQLQGLYLGXDOLVWLF
WHDPPHPEHU,QVRPHVLWXDWLRQVWKHVHH[WUHPHFDVHVDUHHDVLHUWRGHDOZLWK)RU
H[DPSOHLWLVQRWXQIDLUWRDVVLJQPDUNVIRUDOOWHDPPHPEHUVLIWKHSURGXFWWKH\SURGXFH
LVRITXDOLW\LUUHVSHFWLYHRIWKHLULQGLYLGXDOFRQWULEXWLRQV6LPLODUO\LIDWHDPPHPEHUGRHV
QRWFRQWULEXWHLQGLYLGXDOFRQWULEXWLRQ KHRUVKHUHFHLYHVPDUNLUUHVSHFWLYHRIWKH
WHDPPDUN,QRWKHUFDVHVLWLVYHU\GLIILFXOWWRFRQVLVWHQWO\GLVWULEXWHLQGLYLGXDOPDUNVIURPD
WHDPPDUN
)LJXUHVWRVKRZWKHSORWVRIWKHGLVWULEXWLRQVRILQGLYLGXDOPDUNVIRUDUDQJHRIWHDPPDUN
DQGLQGLYLGXDOFRQWULEXWLRQV

 
Figure 1: Distribution of IM for TM = 100%  Figure 2: Distribution of IM for TM = 80% 

 
Figure 3: Distribution of IM for TM = 60%  Figure 4: Distribution of IM for TM = 40% 

821
3URFHHGLQJVRIWKH$$((&RQIHUHQFH0HOERXUQH9LFWRULD&RS\ULJKW.DOL3UDVDG1HSDO

,WLVLQWHUHVWLQJWRVHHDOOPHWKRGVEXW0HWKRGDOORFDWHLQGLYLGXDOPDUNVHTXDOWRWHDPPDUN
IRUDYHUDJHFRQWULEXWLRQICF  7KH\GLIIHURQO\RQWKHDPRXQWRIUHZDUGVIRUDERYH
DYHUDJHFRQWULEXWLRQVICF!DQGRQWKHDPRXQWRISHQDOW\IRUEHORZDYHUDJH
FRQWULEXWLRQVICF,WPD\EHHDVLHUWRMXVWLI\SURSRUWLRQDOO\ORZHULQGLYLGXDOPDUNVIRU
EHORZDYHUDJHFRQWULEXWLRQVDOOPHWKRGVEXW0HWKRGLWLVRIWHQGLIILFXOWWRMXVWLI\
SURSRUWLRQDOO\KLJKHULQGLYLGXDOPDUNVIRUDERYHDYHUDJHFRQWULEXWLRQV0HWKRGDVLW
HQFRXUDJHVLQGLYLGXDOLVWLFEHKDYLRXUDQGWHDPVSLULWPD\EHORVW7UDGHRIIVEHWZHHQ0HWKRG
DQG0HWKRGPD\DFKLHYHDEDODQFHGREMHFWLYHVIDLUVKDUHSHQDOWLHVIRUEHORZDYHUDJH
FRQWULEXWLRQVDQGUHZDUGVIRUDERYHDYHUDJHFRQWULEXWLRQV0HWKRGknee formulaDQG
0HWKRGcap formulaSURYLGHDEDODQFH,QDGGLWLRQWRKDYLQJDOOIDYRXUDEOHSURSHUWLHVRI
knee formulacap formulaH[SOLFLWO\FRQVLGHUVWKHTXDOLW\RIWHDPZRUNZKLOHGHYHORSLQJ
LQGLYLGXDOFRQWULEXWLRQLHICFCap formulaPD\KRZHYHUEHGLIILFXOWWRH[SODLQWRWKH
VWXGHQWVGXHWRUHODWLYHO\FRPSOH[PDWKHPDWLFDOHTXDWLRQVLQYROYHG0HWKRGDOORFDWHV
LQGLYLGXDOPDUNHTXDOWRWHDPPDUNIRUWKHKLJKHVWFRQWULEXWLRQDQGVHYHUHO\SHQDOLVHVRWKHU
FRQWULEXWLRQV,WLVQRWUHFRPPHQGHGWRXVHLQSUDFWLFHDVLWPD\GHYHORSFRQIOLFWVDPRQJ
WHDPPHPEHUVWKDWPD\DGYHUVHO\DIIHFWWHDPOHDUQLQJ
Concluding Remarks
7KLVVWXG\FRPSDUHVH[LVWLQJPDWKHPDWLFDOHTXDWLRQVWRDOORFDWHLQGLYLGXDOPDUNVIURPD
WHDPPDUN4XDQWLWDWLYHDQDO\WLFDOHTXDWLRQVDUHIDYRXUHGRYHUTXDOLWDWLYHVXEMHFWLYH
PHWKRGVEHFDXVHWKH\DUHPRUHVWUDLJKWIRUZDUGWRH[SODLQWRWKHVWXGHQWVDQGLIH[SODLQHGWR
WKHVWXGHQWVLQDGYDQFHWKH\PD\KHOSPLQLPLVHFRQIOLFWVEHWZHHQDVVHVVRUVDQGVWXGHQWV
,WVLPXODWHVDVHWRIVFHQDULRVRIWHDPPDUNVDQGLQGLYLGXDOFRQWULEXWLRQVWKDWFROOHFWLYHO\
FRYHUDOOSRVVLEOHWHDPZRUNDVVHVVPHQW7KHDYDLODEOHDQDO\WLFDOPHWKRGVDUHWKHQDSSOLHG
WRHDFKFDVHWRH[DPLQHWKHLUUHODWLYHPHULWVZLWKUHVSHFWWRDVHWRIHYDOXDWLRQFULWHULDZLWK
H[KDXVWLYHJUDSKLFDOSORWV$OWKRXJKHDFKDQDO\WLFDOPHWKRGGLVFXVVHGDQGDQDO\VHGLQWKLV
VWXG\KDVLWVRZQPHULWVIRUDSDUWLFXODUDSSOLFDWLRQVFHQDULRWKHUHFHQWPHWKRGVVXFKDV
knee formulaDQGcap formulaDUHUHODWLYHO\EHWWHULQWHUPVRIDQXPEHURIHYDOXDWLRQFULWHULD
VXFKDVIDLUQHVVWHDPZRUNDWWLWXGHEDODQFHEHWZHHQSURFHVVDQGSURGXFWDVVHVVPHQWVHWF
,QDGGLWLRQWRKDYLQJDOOIDYRXUDEOHSURSHUWLHVRIknee formulacap formulaH[SOLFLWO\
FRQVLGHUVWKHTXDOLW\RIWHDPZRUNZKLOHDOORFDWLQJLQGLYLGXDOPDUNVCap formulaPD\
KRZHYHUEHGLIILFXOWWRH[SODLQWRWKHVWXGHQWVGXHWRUHODWLYHO\FRPSOH[PDWKHPDWLFDO
HTXDWLRQVLQYROYHG+RZHYHULWLVLPSRUWDQWWRH[DPLQHWKHVHHTXDWLRQVZLWKUHVSHFWWR
HQKDQFLQJVWXGHQWV¶OHDUQLQJDFKLHYHPHQWVUDWKHUWKDQWKHVWXGHQWVDQGDFDGHPLFVWDII¶V
SUHIHUHQFHV
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